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[57] ABSTRACT

A high temperature, pressurized process is described to
synthesize substituted carboxylated modified acrylam-

ide polymers represented by the structure:

H R H R H R
| | ] | |
(|3—C (IZ'—C (IJ'—C
H H H
a b d

O=(|J 0=(|3 0=(|3

(IJ- NH> IiJR

M+ (1'1")'Xm

(COM ),

wherein X is from the group —SO3M, —PQO3M,,
—COOR, —OR,

—O(CH,CHO),R,

l
R

and mixtures thereof.

8 daims, No Drawings
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CARBOXYLATE CONTAINING MODIFIED
ACRYLAMIDE POLYMERS

INTRODUCTION

Water-soluble polymers are available through wvari-
ous procedures, including condensation polymerization,
vinyl polymerization using various free radical catalysts
or other catalytic or initiation devices, and even chemi-
cal modification of existing polymers by subsequent
chemical reaction, such as hydrolysis of pendant amide
functional groups to carboxylic acid groups. Chemical
modification of existing polymers to achieve water solu-
bility can however lead to other difficulties such as loss
of molecular weight and unwanted changes in molecu-
lar weight distribution or even cross-linking and possi-
ble loss of water solubility. It would therefore be an
advance 1n the art if other water-soluble polymeric
chemical structures could be synthesized on a poly-
meric backbone which structures would contain the
carboxyliate functional groups, either in the acid or base
form, and which structures might also contain multiple
and various functional groups which could enhance the

use of these water-soluble polymers in certain applica-
tions such as dispersants in water treatment, scale inhibi-

tors 1n natural and industrial waters, flocculants and
coagulants, and the like.

It 1s therefore an object of this invention to create
water-soluble polymers containing various functional
groups and, i addition, which polymers may also con-
tain multiple functional groups which may be useful
when applied to aqueous solutions or environments.

It 1s another object of this invention to develop a
synthetic procedure which can generally be applicable

to the synthesis of various types of water-soluble poly-
mers containing the various functional groups with or

without the additional presence of other functional
groups which may be useful when these polymers are
added to aqueous systems. |

It 1s another object of this invention to synthesize and
recover certain types of carboxylate containing water-
soluble polymers which polymers may contain other
functional groups such as sulfonate, ether, alkoxyl, ester
groups, and/or mixtures thereof, which polymers have
not heretofore been known or used.

THE INVENTION

I have discovered a process for modifying water-sol-
uble polymers containing pendant amide functional
groups, such polymers primarily derived from acrylam-
ide containing vinylic polymers/copolymers or from
alkyl substituted acrylamide containing vinylic poly-
mers or copolymers, and which polymers/copolymers
are water soluble and contain pendant amide functional
groups derived from acrylamide, methy! acrylamide,
ethylacrylamide, and the like.

The process which I have discovered is a process that
uses the equivalent of a transamidation reaction with the
pendant amide group on the polymer and a chemical
reactant represented by the structure:
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Formula I.
]
HN-(-IF-)—(—COOM)H
(X)m
wherein
R 1s individually chosen, in each occurrence, from the

group consisting of hydrogen and lower alkyl groups
containing from 1-4 carbon atoms;

M 1s chosen from the group consisting of hydrogen,
lower alkyl (C1-C4) groups, alkali metals, alkaline
earth metals, protonated amines, quaternary ammo-
nium and ammonium ions, and mixtures thereof:

R’ is a multi-valent hydrocarbonaceous bridging group
which may be linear, branched, cyclic, aromatic,
heterocyclic, and mixtures thereof, and having from
1-16 carbon atoms:

X 1s chosen from —SO3M, —OR,

R

|
+OCH;CHJ;OR,

—NR"3, —NR"4 and mixtures thereof, and
R" 1s chosen from

-

(CH2CHO),R,

|
R

R—R'—NR"3;, —R'NR"3, —PO3M;

and mixtures thereof:

and wherein,

p ranges from 1-16

m ranges between O and 16,

n ranges between 1 and 16, provided that the sum of
m-n is between 1-20.

THE CHEMICAL REACTANT

The chemical reactant described above is primarily a
primary or secondary amino substituted compound
which also contains the carboxylate functional group in

- either the free acid form, an ester form, a salt form, or
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any combination thereof, and wherein the amine func-
tional group contains at least one active hydrogen sub-
stituted on the amino nitrogen. Although carboxylate
compounds having both primary and secondary amines
can react under my transamidation reaction conditions
to achieve modified carboxylate containing polymers, it
1s preferable that when a secondary amine is chosen to
accomplish this modification of pendant amide contain-
ing polymers, that the alkyl group substituted on the
amino nifrogen contain no more than 4 carbon atoms,
1.e. the alkyl substitution should be limited to methyl,
ethyl, propyl and butyl functionality, or isomers
thereof.

However, 1t 1s most preferred that the amine substitu-
tion on the carboxylate containing chemical reactant be
a primary amino functional group. When a primary
amino functional group is used to accomplish the tran-
samidation reaction, the reaction easily proceeds so as
to incorporate at least 2, and preferably at least 60, mole
percent of the chemical reactant used into the water-sol-
uble polymer chain containing pendent amide groups.
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In addition to the amine substitution in the chemical
reactant described above, this chemical reactant does

contain at least one carboxylate functional group in
either its ester form, acid form or its salt form, wherein

the salt form is chosen from a salt of an alkali metal, an
alkaline earth metal, primary, secondary or tertiary
amines, quaternary amines and ammonium ions, and
mixtures thereof. The salt form may be in existence
prior to the transamidation reaction or it may be synthe-
sized by varying pH with bases containing alkali metals,
alkaline earth metals, tertiary amines, quaternary amine
bases, or ammonia, either prior to, during the transami-
dation reaction or after the transamidation reaction has
been completed.

In addition to the carboxylate functional group and
the amine functional group, the chemical reactant may
also contain other functional groups chosen from the
groups consisting of sulfonate, phosphonate, alkaholic,
ether, ester, alkoxyl groups, tertiary amino, quaternary
amino groups, and mixtures thereof. Preferably, the
chemical reactant is limited to contain a primary amino
group responsible for the transamidation reaction, at
least one carboxylate group which allows the formation
of an anionic carboxylate containing water-soluble pol-
ymer, and a sulfonate, phosphonate group or an alkoxyl
functional group, the presence of which may enhance
the activity of water-soluble carboxylate containing
polymers synthesized by my process.

Most preferably, the chemical reactant contains a
primary amine, one or more carboxyl groups, and one
or more carboxylate groups either in the free acid form,
salt form, or mixtures of the free acid and salt forms.

Several preferred species of the chemical reactant
described above are demonstrated in the following for-

mulations:

Formula II.
HzN—(IZHCHZSO 1M a.

;O
OH

H;N—CH,CH=SO3M b.

I
C=0

I
OH

O—CH;CH,0OH c.

I
HoN—CH;CH—COM

H,N—CH>—CH~—CH;CO:M d.

|
OCH>CH>,OCH>CH>OH

SO3Na e.

|
HyN—CH,CH>;CH;—COOH

THE PENDANT ACRYLAMIDE CONTAINING
POLYMERS

The pendant acrylamide containing polymers are
water-soluble polymers which have a general structure
allowing the presence of a pendant amide group as
demonstrated in Formula III:
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Formula III.

H R R
N/

Polymer I | Backbone

C=0
I NH;

In Formula III, as one can observe, the pendant
amide group may be a primary amide, a secondary
amide, or a tertiary amide compound or mixtures
thereof. Preferably, to obtain reasonable conversions of
these pendant amide groups to the carboxylate contain-
ing functional groups described above, the pendant
amide group is a primary amide group.

The most likely water-soluble polymers containing
pendant amide functionality which polymers are easily
modified under the conditions of my transamidation
reaction, are those water-soluble polymers described by
Formula 1V:

Formula 1IV.
| !
CHz—(IZ CHg—(ll
O=C O=C
| ~a | &
(l) NR»
M

where the monomer block units of a and b are randomly

distributed within the polymer chain.

R is independently chosen, at each occurrence, from the
group consisting of hydrogen, and lower alkyl groups
containing from 1-4 carbon atoms;

M is independently chosen, at each occurrence, from
hydrogen, lower alkyl (C1-C4) groups, alkali metals,
alkaline earth metal and, amine salts, quaternary am-
monium ions, ammonium ions and mixtures thereof;

and a and b are integers having the following relation-

ships:

a/b ranges between 0 to 100, and

a+b is sufficient so as to provide a polymer having a
molecular weight of at least 500. Preferably the sum,
a-+b, is sufficient to provide a molecular weight rang-
ing between about 1,000-20,000,000.

As can be seen, the polymers described above may be
homopolymers or copolymers of acrylamide or its al-
kylated homologs, i.e. methacrylamide and the like, or
they may be copolymers of acrylamide and its homo-
logs specifically with acrylic acid or its homologs such
as methacrylic acid and the like, or they may be terpoly-
mers and above with other vinylic monomers which
terpolymers and above contain acrylamide or its amide
homologs with acrylic acid, and their various homologs
such as methacrylic acid, methacrylamide, and the like,
and other additional vinylic monomers such as ethyl
acrylate, methylacrylate, ethylene, propylene, vinyl
sulfonate, and the like.

THE CHEMICAL REACTION

The chemical reaction which is preferred to obtain
the carboxylated polymers of this invention is a reaction
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which can generally be referred to as a transamidation
reaction. This reaction substitutes an amine compound
which may also contain other functional groups such as
the carboxylate function group for the nitrogen portion
of a pendant amide group contained on a polymeric
backbone as described above. This transamidation reac-
tion has been discovered to be a general reaction which

can achieve the substitution of my amine and carboxyl-

ate containing reactant moiety for the amide nitrogen
group of the pendant amide functionality of a water-sol-
uble polymer, thereby obtaining unique carboxylated
polymers.

The reaction conditions require that polymers con-
taining pendant amide groups be dissolved or readily
dispersed in a solvent which is a common solvent for
the chemical reactant of the class described above. In
other words, both the polymer which is to be modified
and the chemical reactant should be soluble or dispers-
ible in the same solvent system. |

Common solvents which have been found useful in
this reaction include, but are not limited to, water, di-
glyme, dimethylformamide, dimethylsulfoxide, admix-
tures thereof, and admixtures of these solvents, either
singly or taken together with other miscible solvents
such as ethanol, tertiary butanol, glyme, and the like.

A preferred solvent which is a common solvent for
both the polymer containing pendant amide groups and
the chemical reactants above is water, particularly if the
polymer containing pendant amide group is initially
water-soluble, as in the case of most acrylamide con-
~ taming vinylic polymers. Another preferred common
 solvent for my reaction is a water-in-oil emulsion
wherein the dispersed water phase contains dissolved
therein both the polymers containing pendant amide
groups and the chemical reactants described above.

After having dissolved the polymers containing pen-
dant amide groups in the common solvent, preferably
water, the chemical reactant can be added to obtain a
solution or dispersion of amide containing polymer and
the chemical reactants of this invention. Whether the
polymer or the reactant is first added to the common
solvent is of no consequence. This admixture is then
added to or contained in a reaction vessel capable of
withstanding a pressurized chemical reaction, for exam-
ple, a Paar Bomb type of vessel. The vessel is enclosed
and then heated to a temperature of at least 100° C.,
preferably at least 110° C., and most preferably to a
temperature of at least 120° C. If the temperature is
increased above 100° C., the vessel contents can expand
and the pressure within the vessel can exceed one atmo-
sphere and depending upon the solvent, the carboxylate
substituted reactants used and/or the reactants used,
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can reach up to about 5 to 15 atmospheres, and possibly

more. The pressure within the reaction vessel is a non-
controlled variable and is controlled only to the extent
that the vessel is enclosed, that a reaction temperature
of at least 100° C. or higher is reached, and the vessel
may contain solvents or reactants of more or less vola-
tile nature, which solvents and reactants have vapor
pressures of such a nature that pressure vessels are re-
~quired at temperatures above 100° C.

Once the reaction vessel contents have reached at
least 100° C., and preferably 110° C., the reaction is
allowed to occur for at least 3 minutes at this tempera-
ture, and preferably for whatever length of time is nec-
essary to accomplish a minimum of at least a 2 percent
conversion, and preferably at least from 25-60 percent
conversion, of the added amount of chemical reactant.
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The chemical reactant is, of course, converted to a
pendant carboxylate containing substituted amide, or
the product of the transamidation chemical reaction
summarized above. |

If the polymer is a homopolymer of acrylamide,
methacrylamide, or a copolymer of vinyl amide con-
taining monomers such that no other pendant functional

group 1s present besides amide functional groups, the
condition of the reaction is such that at least some de-
gree of amide hydrolysis may also occur in those reac-
tions in which water or a water containing solvent is
utilized. In such cases, a carboxylate functional group
may also be obtained in addition to the carboxylate
modified amide and any unreacted starting amide
groups from the starting polymer. This is particularly
true at very high pH, so it is advisable to operate the
reactions in aqueous common solvents or in water-in-oil

emulsion at initial pH of below 9.0, and preferably
below 8.0.

Therefore, I have described the chemical reaction or
process that accomplishes the synthesis of polymers

with randomly distributed monomer units having the
structure:

_YormulaV
H R H R H R
| | || | |
?—C (IZ—-C (I.‘,—C
H H H
a b d
o=? o=I o=$
? NH; II\IR
M (I'i'-)-Xm
(COOM),,

wherein

M is chosen from hydrogen, a lower alkyl (Ci-Cy)
group, alkali metal, alkaline earth metal, primary,
secondary or tertiary amine salts, quaternary amines
and amnmonium ions and mixtures thereof:

R’ 1s a multi-covalent hydrocarbonaceous bridging
group having from one to sixteen carbon atoms and
being chosen from linear, branched, cyclic, aromatic
and heterocyclic (functional groups), and mixtures
thereof:

X 1s chosen from —SO3M, —PO3Mj;, —COOR, —OR,
—R'NR"3, —R'NR"’3,

<OCH>CH),0R,

;
R

and mixtures thereof:
where R" 1s

< CHCHOX%R,

:
R

R, and mixtures thereof;

R 1s individually chosen at each occurrence from H and
lower alkyl (Ci-C4) groups;

and wherein

a, b, and d are integers with the following relationships;
a/b is from zero to 100

b/d 1s from 0.01 to 100
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a/d is from zero to 100,

and the sum of a+b-d is sufficient to provide a
molecular weight of at least 1000,

and the ratio of d:(a-+b) is from 20:1 to 1:100; 5

and wherein
p ranges between 1 and 16, and

m ranges between 0 and 16, and
n ranges between 1 and 16, provided that, the sum of
m-n 1s between 1-20;
which process comprises reacting, in a common sol-
vent, at a temperature of at least 100° C.:
A. a polymer having a molecular weight of at least
500, and having pendant amide functional groups, 15
which polymer is represented by the structure:

10

H R H R
| | | | 20
(ID—C (IZ'-*C
H H
a b
0=(Ij 0=I
(I) NR> 25
M

wherein R, M, a, b have the same meanings as above;

with, 30
B. a chemical reactant having the structure:
|
HN-(-II{'-)—f-COOM),, 35
Xm

wherein R, R, M, X, m, and n have the meanings
above; wherein the mole ratio of chemical reactant to 4
pendant amide groups ranges between about 5:1 to
about 1:100:; and the reaction occurs for an effective
amount of time to accomplish at least a 2 mole percent,
and preferably from 25-60 mole percent conversion of
chemical reactant to water-soluble carboxylated poly-
mer; and then recovering the water-soluble carboxyl-
ated polymer.

Polymer recovery may be accomplished in several
ways known to the person familiar with the art. For
example, the polymers may be precipitated by addition
of precipitating solvents, or non-solvents, to the reac-
tion mixture. For example, methanol or acetone may be
added to the reaction mixture either as is or after con- 55
centration by distillation or vacuum distillation to pre-
cipitate the polymers. The polymers may also be recov-
ered by vacuum distillation of solvent and unreacted
chemical reactant from the reaction product mixture.
The polymers may also be recovered by gel permeation
chromatographic techniques, however, for the most
part the polymers are recovered simply as a solution in
the common solvent used to perform the transamidation
reaction, and used as such.

Preferably, my process is a method to synthesize
water-soluble carboxylated polymers having randomly
repeated mer units represented by the formula:
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H R H R H R
| | | | | |
(l.?"'"'C (|:—C (lf'."""'C
H H H
a b d
? NH> I’iJR
M (f;"')"xm
(COOM),

wherein *

M is chosen from hydrogen, alkali metal, alkaline earth
metal, tertiary amine salts, quaternary amines and
ammonium ions and mixtures thereof;

R’ is a multi-covalent hydrocarbonaceous bridging
group having from one to sixteen carbon atoms and
being chosen from linear alkyl, branched alkyl, cyc-
lic, aromatic and heterocyclic (functional groups),
and mixtures thereof;

X is chosen from —SO3M, —PO3Ma,

'('0CH2CH')FOR,

I
R

—OR functional groups,
and mixtures thereof;
R is individually chosen at each occurrence from H and
lower alkyl (C1-C4) groups;
and wherein
a, b, and d are integers with the following relationships;
a/b is from zero to 100
b/d is from 0.01 to 100
a/d is from zero to 100,
and the sum of a-+b+d is sufficient to provide a
molecular weight of at least 3,000,
and the ratio of d:(a-+b) is from 20:1 to 1:100;
and wherein
p ranges between 1 and 16, and
m ranges between 0 and 16, and
n ranges between 1 and 16, provided that,
the sum of m-+-n i1s from 1 to 20;
which process comprises reacting, in a common sol-
vent, at a temperature of at least 100° C.:
A. a polymer having a molecular weight of at least
500, and having pendant amide functional groups, and
represented by the structure:

H R H R
| | |
(i",—'C (IJ—'C
H H
a b

O=(|: (:)=l

(i.) NH>

M

wherein R, M, a, b have the same meanings as above;
with
B. a chemical reactant having the structure:
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I
HN-¢R'3~COOM),

I
Xm

wherein R, R', M, X, m, and n have the meanings
above; and wherein the mole ratio of chemical reactant
to pendant amide group ranges between about 5:1 to
about 1:100; and wherein the reaction occurs for an
effective amount of time within a pH range of 2-9 in an
aqueous solvent to accomplish at least a 50 percent
conversion of chemical reactant to water-soluble car-
boxylated polymer; and then recovering the water-solu-
ble carboxylated polymer.

Most preferably, my process is a method for the syn-
thesis of water-soluble carboxylated polymers repre-
sented by the formula:

| | |
CHz*'-(li CHZ“-CII CHz—(I3
O=C O=C O=C

| =2 | =2 l d

O NH;

M (R"-)-Xm

|
(COZM)IH

wherein

M is individually chosen at each occurrence from hy-
drogen, alkali metals, and ammonium ions,

R’ is chosen from multi-covalent, branched alkyl, linear
alkyl or cyclic hydrocarbonaceous bridging groups
having from one to eight carbon atoms;

X 1s chosen from —SO3M, OH, —OCH,CH>)pOR, and
mixtures thereof:

p ranges between 1 to 12;

m ranges between 0 to 6;

n ranges between 1 to 4;

- R 15 individually chosen at each occurrence from hy-
drogen and Cj to C4 lower alkyl groups;

a, b, and d are integers with the following relationships:
a/b ranges from 0 to 100,

a/d ranges from 0 to 100,

b/d ranges from 0.01 to 100, and

the ratio d:(a+b) is between about 5:1 to about 1 :25,
and

wherein the occurrence of mer units of a, b, and d is

random and the sum of a+b+4-d will achieve a molecu-

lar weight of at least 1000; which process comprises
reacting, in an aqueous solvent:

A. a polymer having pendant amide functional
groups and represented by the structure:

R R
CHz—é CH;;—(I:.
a b
O0=C O=C
(l) llTHz
M

wherein R, M, a, and b have the meanings above and
wherein the sum of a+b achieves a molecular weight of

at least 500: and
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B. a chemical reactant having the structure:

| HzN-(-IIz'-)—(-CGzM)n
Xm

wherem R', M, X, m, and n have the meanings above;
under the following reaction conditions:

I. a reaction temperature of at least 100° C. and prefera-
bly at least 110° C.;

I1. a reaction time of at least 1 hour and preferably at
least # hour;

1I1. a mole ratio of chemical reactant to polymer rang-
ing between about 2:1 to about 1:50;

IV. a pressure ranging from atmospheric pressure to 35
times atmospheric pressure, or more;

thereby achieving the synthesis of the carboxylated

polymers described above.
It 1s particularly of interest that my synthetic proce-

dures permit the synthesis of a carboxylated polymer
represented by:

AN

CHz—(’: CHg—(I:

O O=C =C
I | d

O
I
M

wherein: h

R 1s individually chosen, at each occurrence, from the
group hydrogen, methyl and ethyl groups;

M is individually chosen, at each occurrence, from the
group hydrogen, sodium, potassium, ammonium ions
and mixtures thereof:

R’ 1s linear alkylene bridging group having from 1 to 4
carbon atoms;

m is from O to 3;

n is from 1 to 3; and

a, b, and d are integers having the relationships:

a/d is from 0 to 50,

a/b i1s from 0 to 50,

b/d 1s from 0.1 to 20,

d:(a+b) 1s from 5:1 to 1:10,

the sum of a+b+-d is sufficient to provide a molecular
weight of at least 3,000; which process comprises the
reaction, in an aqueous solvent, for at least 3 hour at
a temperature of at least 110° C,, in a pressure con-
trolling reactor, of the ingredients:

A. a reactant:

*n—n—w

(IIl F—S0;~ M),
(CO2~MT),

(COOM),,

/
HoN—R")

(SO3M)

wherein R’, M, m and n have the above meanings; and
B. a water-soluble vinyl polymer having pendant
amide groups represented by:
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and acrylic acid copolymers. Terpolymer may be used
to well as long as acrylamide or its homologs are incor-
R R porated therein. The polymers and reactants were -
| | charged as aqueous solutions or dispersions to a Parr
CH;—C CH;—C : :
| i Bomb equipped with temperature and pressure measur-
0=C | O=C | ing devices and also equipped with means to agitate the
(‘) I!JH contents. Temperatures were increased to at least 100°
2 . ' .
| C. in each case. Reaction times ranged from about 20
M minutes to in excess of 4 hours to accomplish the syn-
10 thesis of the polymers which are described in Table 1.
TABLE I
MODIFICATION OF AMIDE-CONTAINING POLYMERS IN WATER
Amine Reaction Reaction Recovered
Polymer (Mole % Changed) Temperature Time  Polymer
70 mole % Glycine 150° C. 4 Hours 85 mole % acrylic acid/
Acrylic Acid/ (25) 5 mole % acrylamide/
30 mole % 10 mole % carboxymethyl-
Acrylamide acrylamide
25 mole % Aminocaproic 150° C. 5 Hours 50 mole % acrylic acid/
Acrylic Acid/ Acid 35 mole % acrylamide/
75 mole % (20) 15 mole % carboxypentyl-
Acrylamide acrylamide
25 mole % Aspartic 150° C. 4 Hours Acrylic acid/acrylamide/
Acrylic Acid/ Acid 12 mole % N—(1,2-
75 mole % (20) dicarboxy) ethyl-
Acrylamide acrylamide
25 mole % _ 1-Amino-1- 150° C. 3 Hours Acrylic acid/acrylamide/
Acrylic Acid/ Cyclohexane 15 mole % carboxycyclo-
75 mole % Carboxylic hexylacrylamide
Acrylamide Acid (20)
25 mole % 4-Aminobenzoic 150° C. 2 Hours Acrylic acid/acrylamide/
Acrylic Acid/ Acid 3 mole % carboxyphenyl-
75 mole % (20) acrylamide
Acrylamide

M

wherein R, M, a, and b have the above meanings; and
wherein the mole ratio of reactant to pendant amide
groups ranges between about 1:1 to about 1:5; and then
recovering the carboxylated polymer.

To further illustrate my invention, I provide the fol-
lowing examples. An appropriate procedure would be:

The compositions of the starting polymers vary from
homopolyacrylamide to 50 mole percent acrylamide

In addition, the following polymers would be ex-
pected to be synthesized if acrylamide containing poly-
mers were reacted according to the procedures de-

40 scribed above with the following chemical reactants,

which are described with the anticipated products In
Table I1.

TABLE Il
Starting Chemical Anticipated
Starting Polymer Reactant Product Polymer
[AATTAcAmY; CH;SOsH -[-AA-}E—]-AcAm-]r[-CHz—ClIH]d
H—N 0=(I3
CH,COzH /E N j\
HO3SCH> O CH,COsH
TAcAmY; +AAia—+AcAm-h,—[-CH2—<I:H]d
H)N CH>CO,;H 0=(l:
NH
O RO
R
R = CyHs
CH-

CO-H




Starting Polymer

‘+tAcAmig

+TAcAmig

+AcAmdp

-[-CH;—(IZH-]x—[-AcAm-}g
0=?:
O

|
CH;3

+AcAm-

+AcAmiy

+AcAmTy

+AAtAcAMY;
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TABLE Il-continued

Starting Chemical

Reactant
CHj

HoN— CHz—-(IZ—CHZCOzH
(I3H20R

where R 1s ~~CHjy

H,N—CH~—CH;0CH,CH,0H

|
CHHCOsN,

HoN—CH> CO»H

COOCHj;

HyN—CH,CHSO3H

|
CH>

|
CH

/" \
HO-C CH>OH

HgN—(llH'— CO2H
CO>CHj3

H—N=—CH;CH;S0O3H

|
CH,CH2COH

OCH;

;
CH,CHCH,SO3H
/
H—N
N\
CH,CHCH,CO,H

|
OCH;

?(CHZCH20)4H
H)NCH;—CH~-CH>CO;H

Anticipated
Product Polymer

[AA']E—EAcAm'}rPChz_('?H']g

C=0
(I:HZOR
HO,C—CHy—C—CH;—NH

i
CH;

[AA'la—['AcAm'ir['CHz—?H-]a
P
NH

I
Na"‘Ozc-CHz—(IZH
CH,OCH;CH>0H

[AA-]a—-f-AcAm']r[-CHZ—(fH']g
T
HO,C CH;—NH

H3COOC

-[-CHZ—-(IZH-]I—EAA-]H—[-AcAm-]r[-CHg—(IZH-]g

0=(I: C=0
|
O NH
I HOCH; CH,
CHj N |
CH~—CH,—CH
/ |
I-IOICli SO3H
O

[AAT;FAcAmiz+CH,— CI:I'HE
T
HOzC'—(':H—NH
C=0
O
CH>

[AAF AcAmiT{'CHz—(IJH 14
-
HQO3;S—CH;CH>~—NCH,;CH>CO>H

[AA-]H—[-AcAm-]-g-E-CHztliHig

T
N

/7 \
CH> CH>

| |
CH3;0CH  HCOCH;

| |
CH, CH;

| |
CO;H  SOsH

+AAi-r[-CH2—'[|Z:HiE

T
NH

|
CH»

|
HC—O(CH,CH,0)4H

:
CH>CO3H



Starting Polymer
[AcAm],

T-PCHZ""(I:H']'ET
0=(|3
NH2

T = any terminal group

T'['CHQ*(IZHﬂ'gT
0=(|3
e NH>

T = any terminal group

= -T-f-CHz—(i:H-}gT
0=C

I
NH»

T = any terminal group

N T-[-CHZ_(FH-]?;T
| 0=(|3
NH>

T = any terminal group

+AAT; +AcAmip

wherein
[AA] = acrylic acid
[AcAm] = acrylamide
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TABLE II-continued
Starting Chemical Anticipated
Reactant Product Polymer
C|3H3 - AA9—¢CHy—CH95¢CH;—CH
H-(-OCH;CI—IZ-)Q—I;J"'—CH;;CI— o & o &
| |
(|3H2 NH> IIQH
HsN—CH,CH—CH)»CO>H CH; CH»
| |
H'("OCHQCHT)TIEJ—'CHZ— (l:H
CHj Cl CHy—CO7H

HzN—CHz(l:HSO;; ~Na*t

CH;

I
COOH

HZN—CHz(l'.IH (I:H (IZHCH2C02H

OR OROR
(I)CH2CH20H
HzN“CHz—CH"*CHz—(lez
CO>2—Na™
CH;3 CH3
A4
N
H>N CO>H
OCH,;CH,OCH>CH,OH
COOH
OR

|
HN—CHj CH CH CH,—SO03H

|
CH3

a, b, d, R, M, have meanings as described above.

Having described my invention, I claim:
1. A process to synthesize water-soluble carboxylated
polymers having randomly repeated mer units repre-.

sented by the formula:

65

-[-CHZ—(IZHiE—f-CHz—(I:H-]F-[-CHz—(':Hﬂg

o S S
O+ NH> NH
M- |
T
(|3H—'CH2COH
S0O3~
Na+
-EAA']'H—EACAIH']T[-CHT*(IZ‘H']E
0=(|3
{I)R (i)R (I)R I;JH
HO,C—CH;—CH-CH—CH~— CH;
-{-AA-]H—EAcAm-]I,—[-CHz—(IJH-]g
L
HOCH;CH:-? I‘I\IH
NaO,C—CHy—CH—CH~— CH;
-[-AA']H—[-AcAm-]r[-CHz—(IJH-]g
0=l'i'l
?H3 NH
N
CH:;"
(OCH;CH32950H
CO>H

-[-AA-}-‘,—[-AcAm-]rECHz—?H-]g
R W
COHOH N=—CHj

| I
CH,CH=-~CH— CH>

7/
HO3S
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H R H R H R
| ] | | | |
("J—-C (IZ—C (IJ—C
H H H
a b d
0=(|3 O=(|3 0=(|3
(I) NH, I‘IJR
M (l:ll")'xm
{(COOM),,

wherein

M is chosen from hydrogen, lower alkyl (C1-Cy)
groups, alkali metal, alkaline earth metal, primary,
secondary or tertiary amine salts, quaternary
amines and ammonium ion, and mixtures thereof:

R' is a multi-covalent hydrocarbonaceous bridging
group having from one to sixteen carbon atoms and
being chosen from linear alkyl, branched alkyl,
cyclic, aromatic, aralkyl, alkaryl, heterocyclic and
olefinic groups; '

X 18 chosen from —SOsM— POs3M,;, —COOR,
—OR, —R'NR"";, —~R'N+R3Hal

|
-~0OCH,CH),OR
wherein
R” 1s
(CHz(IL‘HO)pR,
R

R and mixtures thereof, and
R is individually chosen, at each occurrence, from H
and lower alkyl (C;~-C4) groups;
and wherein
a, b, and d are integers with the following relation-
ships;
a/b i1s from zero to 100
b/d is from 0.01 to 100
a/d 1s from zero to 100,
and the sum of a+b+d is sufficient to provide a
molecular weight of at least 1000,
and the ratio of d:(a+b) is from 20:1 to 1:100;
and wherein |

p ranges between 1 and 16, and
m ranges between 0 and 16, and

n ranges between 1 and 16, provided that when m is
zero, the sum of m4-n is from 1 to 20:
which process comprises reacting, in a common sol-
vent, at a temperature of at least 100° C.;
A. a polymer having a molecular weight of at least

500, and having pendant amide functional groups,
and represented by the structure:

10

15

20

25
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45
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H R H R
| | | |
(I'J"'""C (I:-—C
H H
q b
O=(l'.3 0=I
(l) NR»
M

wherein R, M, a, b have the same meanings as
above; with
B. a chemical reactant having the structure:

R

|
HN~R’'S—CO3M),,

:
Xm

wherein R, R'; M, X, m, and n have the meanings
above; wherein the mole ratio of chemical reactant
to pendant amide groups in the polymer ranges
between about 3:1 to about 1:100; and reacting for
an effective amount of time to accomplish at least a
2 percent conversion of chemical reactant to car-
boxylated pendant groups on the polymer; and
then recovering the water-soluble carboxylated
polymer.

2. The process of claim 1 wherein:

R is individually chosen at each occurrence from
hydrogen, methyl, and ethyl groups,

M is individually chosen at each occurrence from
hydrogen, sodium, potassium, tertiary amines, qua-
ternary ammontum and ammonium ions and mix-
tures thereof,

R’ has from 1-8 carbon atoms and is linear or
branched aliphatic, cyclic, aromatic and mixtures
thereof;

X is —SO3;M, OH, (OCH,CH3)pOH; and mixtures
thereof

pis from 1 to 12

m 1s from O to 4;

n is from 1 to 4;
and the molecular weight of the water-soluble carbox-
ylated polymer ranges between about 2000 to about
20,000,000.

3. The process of claim 1 or 2 wherein the common
solvent 1s chosen from the group consisting of water,
dimethylformamide, dimethylsulfoxide, diglyme and
mixtures thereof.

4. The process of claim 1 or 2 wherein the common
solvent is water-emulsified in a continuous oil phase
such that the water-soluble carboxylated polymer is
recovered as a water-in-oil emulsion.

>. The synthesis of water-soluble carboxylated poly-
mers represented by the formula:
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I11. a mole ratio of chemical reactant to polymer
ranging between about 2:1 to about 1:30;

R R R IV. a pressure ranging from atmospheric pressure
CHZ_éHCHZHéHCHz_é} to 35 times atmospheric pressure;
I I : > thereby achieving and thereafter recovering said car-
0m(|: 7 0=| b Oml 4 boxylated polymers.
O NH; NH 6. The process of claim J,
r!{ (I!l'-)-xm wherein

R is individually chosen at each occurrence from
hydrogen or methyl

, M is individually chosen at each occurrence from

wher cm- - hydrogen, sodium, potassium, ammonium and mix-
R is individually chosen at each occurrence from tures thereof,

Mhizdirrffifflild?:;?lyc i:lt‘lzs(i; IZ:V ggcalikz:;currence from 15 R is _a linear or branched alkylene bridging group
hydrogen, alkali metals, tertiary amine salts, and X lil:v_msgofr;)dm 2 to 6 carbon atoms;
quaternary ammonium and ammonium ions, and 3

mixtures thereof:

|
(CO;~M+), 10

R’ is chosen from multi-covalent, branched alkyl, | R
_ : 20 |
linear alkyl, alkaryl, aryl or cyclic hydrocarbona- — O+ CH,CHOR,
ceous bridging groups having from one to eight
carbon atoms; and mixtures thereof, when p is from 1-8;

- X is chosen from —SO3H, OH, a, b and d are integers having the following relation-
25 ships;
+OCH;CH; OR, a/b ranges from 0 to 50,

| a/d ranges from 0 to 50,

] b/d ranges from 0.01 to 10, and

and mixtures thereof: d:(a-+b) ranges between about 4:1 and 1:20,
p ranges from 1 to 12 30 and the sum of a-+b--d is such that the carboxylated
m ranges between 0 to 6; polymer has a molecular weight ranging from
n ranges between 1 to 4; 2,000-20,000,000, and which process comprises reacting
a, b, and d are integers with the following relation- at a temperature of at least 110° C. for at least 4 hour, in

ships: 15 @ COMMON aqueous solvent,

a/b ranges from 0 to 100, A. a polymer having the structure:

a/d ranges from 0 to 100,
b/d ranges from 0.01 to 100, and

the ratio d:(a-+b) is between about 5:1 to about R R
1:25, and 40 | |
wherein the occurrence of mer units of a, b, and d 1s CHZ_'? CHZ—?
random and the sum of a+b+d will achieve a molecu- O=C o=C |
lar weight of at least 1,000; which process comprises é)_ ‘ ILTH2
reacting, in an agueous solvent: M+
A. a polymer having pendant amide functional 45
groups and represented by the structure: wherein R, M, a, and b have the meanings above

‘and wherein the sum of a+b is such that the molec-
ular weight of the polymer is at least 2,000; with

lll T B. a chemical reactant having the structure:
CHz—(ID CHz—(IZ 0
0=(|3 O=C HzN'('Illl")'(‘CCle)n

a
M+

| b
0 NH, Xm
53 wherein
wherein R, M, a, and b have the meanings above R, M, and X are defined above, and

and wherein the sum of a+b achieves a molecular
weight of at least 500; and
B. a reactant having the structure:

m is from O to 3,
n is from 1 to 3, and the sum of m+n i1s from 1 to
4. and, the ratio of reactant to polymer ranges

60 .
between about 1:1 to about 1:10, and the reaction
HzN‘f'Il"‘)_('con)n pressure is at least 1.25 atmospheres; and then
X, | | recovering said carboxylated polymer.

7. The process of claim 5 or 6 wherein the aqueous

wherein R’, M, X, m, and n have the meanings 65 solvent is from the group consisting of water and a

above; under the following reaction conditions: water-in-oil emulsion.
I. a reaction temperature of at least 100° C,; 8. A process for synthesizing a carboxylated polymer
II. a reaction time of at least { hour; represented by:
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| \ \
CH;_—(IZ CH;-(IZ CHg-—(iJ 5
O0=C O=C | Oo=C
| <a | =6 | <4
O~ NH, NH
M+ /
(R’?—&-OCH;CHg)pOH]m
(COM),, 10
wherein:

R 1s individually chosen, at each occurrence, from
the group hydrogen, methyl and ethyl groups;

M is individually chosen, at each occurrence, from 15
the group hydrogen, sodium, potassium, tertiary
amine salts, and ammonium ions and mixtures
thereof;

R’ is a linear or branched alkylene bridging group
having from 1 to 6 carbon atoms; 20

pis from 1 to 12;

m 1s from 1 to 6;

n is from 1 to 6; and the sum, n4m, is from 1-10;

a, b, and d are integers having the relationships:

a/d is from O to 50, 25

a/b is from 0O to 50,

b/d is from 0.1 to 20,

d:(a+Db) is from 5:1 to 1:10,

the sum of a+b+d is sufficient to provide a molecu-
lar weight of at least 2,000; which process com- 30
prises reacting in an aqueous solvent, at a pH be-

35

45

50

93

635
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tween about 3-8, for at least § hour at a tempera-

ture of at least 110° C., in a pressure controlling
reactor, the ingredients:

A. a chemical reactant:

)(OCHQCHz)pOH]m

HaoN—R')

AN
(COM T In

wherein R’, M, p, m and n have the above mean-
ings; and

B. a water-soluble vinyl polymer having pendant
amide groups represented by:

| |
CHz—(|3 CHZ—(IZ
o= O=C
| =4 | <&
O~ NH;
M+

wherein R, M, a, and b have the above meanings;
and wherein the mole ratio of reactant to pendant
amide groups on the polymer ranges between
about 1:1 to about 1:5; and then recovering the

carboxylated polymer.
¥ ¥ % %X %
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